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Water-leaving Spectral Radiance Distributions
“Ocean Color”

Chl. Fl

Phytoplankton
   Absorption

    Water
Absorption

Ocean Color Variability is Dominated by the Suspended and Dissolved Matter of Biogenic Origin.
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Water-leaving Radiance Retrieval Uncertainty

SeaWiFS - NIST Calibration 4%  MODIS £ 5%

Assume Atmospheric Correction is Perfect



Vicarious Calibration Required
for Ocean Color Science

Laboratory and On-board Sensor Calibrations
Cannot Meet the Accuracy Requirements
for this Science Application.

A Minimum of an Order of Magnitude 
Improvement in Calibration Accuracy is Required.



MOBY Mooring Site



MOBY Operations Site - Univ.  Hawaii

         Pier Side - 30,000 sq. ft

16 Portable vans/tent

offices, shops, storage, labs (calibration, optics
assembly, filtration)

6 Shipboard Vans

3 labs - (wet, optics, data acquisition) power,
storage, & office

Pier side Support - cranes, machine shop.



MOBY
Instrument

and spectral
Time Series of
MODIS ocean

color bands
Accuracy ~3-5%



MOBY Optical System



MOBY Spectral Radiances



MOBY Attenuation Coefficients
 & Water-leavings Radiances



Spectral Band Pass Matching

High Resolution Spectra Convolved to Sensor’s Spectral Band Pass



MOBY/MOCE Activities 1997-2002
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= MOCE Expeditions = MOBY Operations = Diver Calibrations = MOCE Small Boat Cruises = Satellite Launchesm



MOBY Calibration Process

          NIST Collaborations
Training

NIST Primary Lamb Standards

Annual On Site Calibration Systems Check

Pre/Post Cal. System monitoring with NIST
Cal. Radiometers

SIRCUS - Stray Light Characterizations on
MOBY and Shipboard Spectrometers

MOCE Calibration Systems (OL420 &
OL425) now Calibrated at NIST

Initiating the development of new
Radiometric Calibration Sources for
Oceans



Spectral Calibration QC-Solar

Red Spectrograph
2.5 years

Approx. +- 1nm

Blue Spectrograph
2.5 years

Approx. +- 0.6nm



Internal Reference Lamps - Stability QC

Blue  < 0.5 %

Both  + - 0.5%

Red  < 0.5%



 Diver Reference Lamp - Pre/Post Cleaning QC



Stray Light & MOBY
Traveling SIRCUS

Tunable laser
Standard
detector

Uniform sphere

MOBY

Corrected Lu’s
-increase in UV
-better agreement in overlap region

Response found at
many wavelengths
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MOBY Stray Light Corrected Time-Series -
SeaWiFS Bands



SeaWiFS Stray Light Time Series Corrections



Terra Mirror Side 1 to Mirror Side 2 Ratio
Cross-scan vs Time Gain Change (Percent Error)

Correction reduces mirror and
detector effects by a factor of 5

Sun
Glint
Region

412 nm corrected412 nm uncorrected

NOTE: Calibration is an ongoing process,
instrument character changes ~ every 3 months



Terra

0.1011.0230.1050.921551

0.0931.0330.1030.927531

0.0920.9730.0510.948488

0.1290.9560.0690.922443

0.1990.9740.1150.915412

Std.
Dev.

Bias
Std.
Dev.

Bias

AquaTerra
Wave-
length

Top Left - Modal Plots of MODIS
and MOBY Lw vs time used to
compute time corrections

Bottom Left - MODIS/MOBY point
matchups, used to compute bias
corrections

Modal
nLw443

nLw443 Modal & Match up Terra-Aqua
 MODIS - MOBY Time Series

Match up Statistics - MODIS - MOBY
residuals by wavelength, final bias
adjustment in progress for Version 4 L1b

Terra

Aqua

Aqua

Match-ups
nLw443



Merged Aqua, Terra Chlor_MODIS
Global Chlorophyll

 Sept 29, 2002



Radiance distribution vs. azimuth and solar
zenith angles (Ken Voss)

Scan line geometry, variation with Latitude, 0° to 80°N

MODIS SeaWiFS

Satellite scan perpendicular to orbit trackSatellite scan changes from near parallel
to perpendicular along orbit track

Black intrusions mark orientation of Sun.         Black line represents orbit track



Terra -MODIS Scan Angle Relative To Nadir
Lu



Merged Aqua, Terra Chlor_MODIS
Global Chlorophyll

 Sept 29, 2002

Merged Aqua, Terra 
Global SST Night 
 Sept 29, 2002

Merged Aqua, Terra
Chlor_MODIS
Global Chlorophyll
 Sept 29, 2002



• NIST Radiometric Scale & Overview
• NIST Stray Light Characterizations
• Sensor Spectral Band Matching
• Ocean Color Sensors Supported

– Japan’s OCTS
– SeaWiFS
– MODIS Terra and Aqua
– Japan’s GLI (Fall 2002)

• Primary Reference Standard for  Climate
Quality Ocean Color Time-Series

MOBY/MOCE
 Five Year + Time-Series

7/20/97 to Present




